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Abstract
Background: Iron supplementation is considered an imperative strategy for anemia prevention and control during
pregnancy in Pakistan. Although there is some evidence on the predictors of iron deficiency anemia among
Pakistani women, there is a very limited understanding of factors associated with iron consumption among
Pakistani pregnant women. Thus, this study aimed to investigate the predictors of iron consumption for at least
≥90 days during pregnancy in Pakistan.
Methods: We analyzed dataset from the nationally representative Pakistan Demographic Health Survey 2017–2018.
The primary outcome of the current study was the consumption of iron supplementation for ≥90 days during the
pregnancy of the last birth. Women who had last childbirth 5 years before the survey and who responded to the
question of iron intake were included in the final analysis (n = 6370). We analyzed the data that accounted for
complex sampling design by including clusters, strata, and sampling weights.
Results: Around 30% of the women reported consumed iron tablets for ≥90 days during their last pregnancy. In
the multivariable logistic regression analysis, we found that factors such as women’s age (≥ 25 years) (adjusted
prevalence ratio (aPR) = 1.52; 95% CI: 1.42–1.62)], wealth index (rich/richest) (aPR = 1.25; [95% CI: 1.18–1.33]), primary
education (aPR = 1.33; [95% CI: 1.24–1.43), secondary education (aPR = 1.34; [95% CI: 1.26–1.43), higher education
(aPR = 2.13; [95% CI: 1.97–2.30), women’s say in choosing husband (aPR = 1.68; [95% CI: 1.57–1.80]), ≥ five antenatal
care visits (aPR =2.65; [95% CI (2.43–2.89]), history of the last Caesarian-section (aPR = 1.29; [95% CI: 1.23–1.36]) were
significantly associated with iron consumption for ≥90 days.
Conclusion: These findings demonstrate complex predictors of iron consumption during pregnancy in Pakistan.
There is a need to increase the number of ANC visits and the government should take necessary steps to improve
access to iron supplements by targeting disadvantaged and vulnerable women who are younger, less educated,
poor, and living in rural areas.
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Plain English language summary
Iron deficiency anemia is a major public health problem
among women of reproductive age (WRA) mainly in
low-middle income countries such as Pakistan. Iron sup-
plementation during pregnancy is considered one of the
important strategies to alleviate the burden of anemia in
Pakistan. To reduce the prevalence of anemia and asso-
ciated morbidity and mortality, we need to understand
the characteristics of those women most affected by iron
deficiency anemia and understand predictors of iron
supplement consumption. Although there is some evi-
dence on the predictors of iron deficiency anemia among
Pakistani women, there is a dearth of research on the
factors associated with iron consumption among women
during pregnancy. Thus, we investigated the predictors
of consumption of iron supplements for ≥90 days during
pregnancy in Pakistan using the nationally representative
Demographic Health Survey of Pakistan 2017–2018. The
findings of the study revealed that only 30% of the
women reported using iron supplements for ≥90 days
during pregnancy. Older women with higher education
and wealth index, who had a say in choosing their hus-
band, who made at least five antenatal visits during the
last pregnancy, and who delivered their baby by Cesarian
section were more likely to consume iron supplements
for ≥90 days than their counterparts. In the contrast,
women from remote regions of Pakistan, such as Ba-
luchistan were less likely to use iron supplements than
women from Punjab. The government should take ne-
cessary steps to improve access to iron supplements by
targeting disadvantageous and vulnerable women living
in remote areas of Pakistan with limited access to health
care facilities.
Background
Anemia during pregnancy contributes to a higher bur-
den of morbidity and mortality [1]. The cause of anemia
is multifactorial and more than 50% of its burden is at-
tributed to iron deficiency [2]. The existing evidence re-
veals that approximately one-quarter of reported
maternal deaths are due to iron deficiency across the
globe [1]. It is estimated that around 120,000 maternal
deaths are attributed to severe iron deficiency anemia
each year in LMICs [3, 4]. Iron deficiency anemia can
lead to adverse perinatal outcomes, such as miscarriage,
hemorrhage, macerated and fresh stillbirths, fetal growth
retardation, low-birth weight, preterm birth, and neo-
natal death [5–8]. A meta-analysis revealed that anemic
pregnant women are at a higher risk of preterm birth
than non-anemic women [9]. Likewise, 44% of preterm
births, 25% of babies with low birth weight, and 21% of
perinatal mortality are due to anemia during pregnancy
in LMICs [10]. Recently, a study based on the World
Health Organization (WHO) multi-country survey
reported that there is a two-fold increase in risk of ma-
ternal mortality due to severe anemia [11]. The findings
from a review found that maternal mortality can be
plummeted by 29% with each 10 g/L increase in the
hemoglobin of women [12].
According to the WHO guidelines, WRA should con-
sume iron supplementation for 3 consecutive months
(90 days) in a year to prevent iron deficiency anemia in
countries with more than 40% of anemia prevalence [13,
14]. Thus, prescription of iron (tablets or syrup) during
pregnancy has become a common practice in most
LMICs, however, non-compliance to such guidelines re-
mains an issue [15, 16]. Moreover, women of LMICs
tend to consume iron-deficient foods and non-
nutritious, less expensive, and easily available foods such
as paan, betel nut, and gutka [17, 18]. Therefore, intake
of daily oral iron supplements has become a routine
practice during pregnancy in most of LMICs to meet re-
quirements of iron for pregnant women [19, 20].
Like other LMICs, anemia is also a serious problem in
Pakistan with 41.7 to 77.0% of WRA being affected by
anemia in Pakistan as reported by various small studies
conducted in different geographic areas of Pakistan [21,
22]. According to a recently conducted nationally repre-
sentative nutritional survey, 18.2% of WRA are iron defi-
cient in Pakistan, which is more pronounced in rural
areas (18.7%) than urban (17.4%) areas [23]. The prov-
ince of Sindh has the highest proportion of iron defi-
ciency anemia (23.8%) among WRA, followed by
Balochistan (19.0%) and Punjab (18.7%) [23]. Anemia
can be prevented and controlled effectively by giving
iron/folate supplementation to pregnant women in
LMICs such as Pakistan [14]. There has been a remark-
able improvement in antenatal care (ANC) utilization in
Pakistan over the last 5 years, with 86% of pregnant
women receiving ANC in 2017 compared with only 55%
in 2012 [24]. Even though iron supplementation is an es-
sential part of ANC, 58.9% of pregnant women receive
iron supplements during their ANC visits and only 29%
use iron supplements for ≥90 days [24]. Moreover, pro-
portion of women using iron or folic acid supplements
during pregnancy is even lower in Pakistan compared
with other countries in South Asia [25–27]. The evi-
dence suggests that if we could decrease the burden of
iron deficiency anemia by providing iron supplementa-
tion to women, we could avert around 3190 disability-
adjusted life years (DALYs) in the short and long term
[28]. To do that we need to understand the characteris-
tics of those most affected by iron deficiency anemia and
understand predictors of iron supplement use. Although
there is some evidence on the predictors of iron defi-
ciency anemia among Pakistani women [21, 22, 29],
there is a very limited understanding of the factors asso-
ciated with iron consumption among women, in general,
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and during pregnancy, in particular, due to a dearth of
studies in this area at the national level. Despite the evi-
dence that anemia can effectively be addressed by the
consumption of iron supplements by pregnant women,
none of the studies in Pakistan have assessed the factors
associated with iron consumption during pregnancy.
Hence, there is a need to investigate the underlying pre-
dictors of iron consumption comprehensively in
Pakistan. Understanding these predictors holistically will
enable the development of local strategies and targeted
interventions to enhance the uptake of iron by pregnant
women. Thus, the current study aimed to investigate the
predictors of consumption of iron supplements for ≥90
days during pregnancy in Pakistan. Additionally, we hy-
pothesized that predictors of consumption of iron may
vary across place of residence, therefore, we studied
these predictors across rural and urban areas.
Methods
Study design and setting
The Pakistan Demographic Health Survey (PDHS)
2017–18 is the fourth national cross-sectional survey in
the Demographic Health Survey International Series and
follows surveys in 1990–91, 2006–07, and 2012–13 [24].
The data was collected across the country from Novem-
ber 2017 to April 2018. High-quality data were collected
on different domains such as maternal and child health,
family planning, maternal nutrition, and other important
health-related issues [24]. We performed an analysis
based on the national level available data to investigate
the predictors of iron consumption among pregnant
women.
Study sample and sampling technique
A stratified two-stage sample design was followed in the
2017–18 PDHS. The sampling frame was based on the
record of enumeration blocks (EBs) generated for the
Pakistan Census 2017. The 2017–18 PDHS represents
the population of all four provinces of Pakistan including
Punjab, Sindh, Baluchistan, Khyber Pakhtunkhwa (KPK),
and other regions such as Azad Jammu and Kashmir
(AJK), Gilgit Baltistan (GB), Islamabad capital territory
(ICT), and the former Federally Administrated Tribal
Areas (FATA) [24]. Using a stratified two-stage sample
design, eight regions were stratified into urban and rural
areas thus resulting in 16 sampling strata. A two-stage
selection process was used in every stratum to select an
independent sample. Clusters made of EBs were selected
as the first sample points. Probability proportional to
their size (number of households in each EB) was imple-
mented to use the EBs during the survey. A total of 580
clusters were selected. This was followed by systematic
sampling of households during the second stage of sam-
pling. A household listing process was conducted in the
identified clusters, and around 28 households were se-
lected per cluster with an equal probability of systematic
selection process thus resulting in 16,240 households [24].
The study population for the analysis
The 2017–18 PDHS included all women of reproductive
age who were married at the time of the survey. The eli-
gibility for the interview was contingent on being a per-
manent resident of the identified households or a visitor
who came to stay in the chosen households 5 years be-
fore the survey. Based on the eligibility criteria, around
12,364 WRA were interviewed during the 2017–18
PDHS survey across the country. However, for the
current analysis, we limited our sample to women who
had childbirth 5 years preceding the survey, had
responded to the question of iron intake during their last
pregnancy, and who had complete data on important
variables such as husband’s education, consumption of
tobacco, and women’s say in choosing a husband. Thus,
we were able to include 6370 women in the final
analysis.
Outcome variable
The outcome variable was the consumption of iron sup-
plementation for ≥90 days during the pregnancy of the
last birth. We used two questions from PDHS-2017 to
2018 to assess if women had utilized iron for ≥90 days
during the pregnancy of their last birth. These questions
were: “During this pregnancy, were you given, or did you
buy any iron tablets or iron syrup? During the whole
pregnancy, for how many days did you take the tablets
or syrup?”
Study variables
We selected the study variables after conducting a de-
tailed literature review. We considered those variables
for the analysis that are associated with the iron con-
sumption in the literature and were also available in the
PDHS 2017–2018 data set with complete information.
We categorized these variables into five major types :
socio-demographic predictors [(mother’s age (in years),
women’s and her husband’s education (no education,
primary, secondary, and higher education), maternal
working status (Yes/No), women’s say in choosing hus-
band (Yes/No), wealth index (Poor, middle and rich)];
reproductive factors [(parity, number of children ever
born), births in the last 5 years, ANC visits (number of
visits during last pregnancy), and mode of the last deliv-
ery (vaginal or caesarian-section)]; body mass index
(BMI) measured in kg/m2; behavioral factors [(currently
smoking cigarettes (Yes/No), chewing tobacco (Yes/
No)]; and contextual factors [(place of residence (urban/
rural)) and geographical regions (Punjab, Sindh, KPK,
Baluchistan, ICT, AJK, and GB)].
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Statistical analysis
We performed descriptive statistics and regressions to
analyze the data. We adjusted all the descriptive and re-
gression analysis models after considering the complex
sampling design of the PDHS 2017–2018. We used a
complex sample analysis procedure by considering the
primary sampling units (PSUs) as clusters, strata, and
sampling weights in the models to account for the clus-
ter sampling design to provide precise estimates of fre-
quency, proportion, and prevalence ratios [30, 31]. We
generated frequencies and percentages of independent
and dependent variables. We used the chi-square test
(χ2) to study the association between the categorical in-
dependent variables of interest with the binary outcome
variable. We used the log-binomial model (surveygen-
mod with a log-link) to create prevalence ratios for uni-
variable and multivariable analysis. We performed a
univariable analysis to examine the predictors of utilizing
iron for ≥90 days during pregnancy of the last birth.
Additionally, we performed multivariable regression
using variables that were significant with an alpha of
0.05 level in the univariable analysis. We constructed
three models to assess factors at different levels. The
reason for model 0 was to assess one-to-one relationship
(unadjusted) between one individual-level factors and
outcome without adjusting the other contextual or
individual-level factors. This model is important to as-
sess that how much a relationship between a variable of
interest and outcome changes after adding other con-
founders that could confound the relationship. There-
fore, a baseline model is necessary to compare the
unadjusted results with the adjusted ones. Hence, model
0 generated the results of the univariable association be-
tween the outcome and all independent study variables.
Model 1 is the adjusted model and the rationale for this
model is to see how the relationship between independ-
ent variable and outcome is confounded by individual-
level factors associated with mother. We only included
factors that are directly related to the woman herself.
Model 1 was adjusted for individual-level characteristics
such as women’s age, mother’s education level, women’s
say in husband’s choice, wealth index, ANC visits, and
mode of delivery. Therefore, we included other factors
such as the husband’s education and region in a separate
model. Model 2 provided results after controlling for
variables that were not directly related to women such
as husband’s education and region. Finally, we per-
formed domain analysis (sub-group) by considering
place of residence as a domain or stratum and presented
results separately for rural and urban areas of Pakistan.
This sub-group analysis was done to assess whether pre-
dictors of iron consumption vary across the place of
residence (rural/urban). Because our outcome of interest
was common (29% of women consumed iron
supplements for ≥90 days), we reported crude and ad-
justed prevalence ratios (aPR) and respective 95% confi-
dence intervals (CI) after adjustment for strata and
clustering at PSU level. We considered P-values of <
0.05 as statistically significant. We used the software
SAS 9.4 for data analysis.
Results
Descriptive characteristics of study participants
We found that around 29.68% of the women reported
consuming iron for ≥90 days during their last pregnancy.
About a quarter of women (23.26%) were younger than
25 years old and 59.15% had more than two children
(Table 1). Moreover, 48.01% of women and 28.94% of
their husbands were not educated. Around half of the
women (51.86%) were poor or poorest, 82.13% reported
not working after marriage, and a similar proportion
(80.95%) had their say in choosing the husband. Ap-
proximately one-third of women (37.69%) had made ≥
five ANC visits during their last pregnancy and 23.81%
delivered their baby via caesarian-section. Around two-
thirds of the study participants (66.81%) were living in
rural areas and around half of them (51.07%) were from
Punjab province and approximately one-quarter
(24.06%) were from Sindh province (Table 1).
Characteristics of study participants by consumption of
iron during the last pregnancy
A significantly higher percentage of the women consum-
ing iron less than 90 days (25.0%) were younger than 25
years old when compared with 19.0% of the women con-
suming iron for ≥90 days (p-value: < 0.001). Similarly,
44% of the women consuming iron for ≥90 days and
40% of their counterparts had at most two children (p-
value: < 0.001). A significantly lower proportion of
women consuming iron for ≥90 days (31.0%) were not
educated compared with their counterparts (55.0%; p-
value: < 0.001). About one-quarter of the women (26.0%)
consuming iron for ≥90 days were poor/poorest when
compared with 48% of women consuming iron for less
than 90 days (Table 1). Around three fourth of women
consuming iron for ≥90 days (62.0%) had made ANC
visits during their last pregnancy as opposed to 27.0% of
the women consuming iron for less than 90 days.
Around 43.0% of the women consuming iron for ≥90
days were from urban areas as opposed to 29.0% of the
women consuming iron for less than 90 days. However,
there were no significant differences between women
consuming iron for ≥90 days and their counterparts by
working status, using cigarettes, chewing tobacco, type
of relationship with husband, and history of termination
of pregnancy.
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Table 1 Socio demographic and reproductive characteristics women of reproductive age who reported using iron tablets or syrup
during pregnancy of their last birth (n = 6370)
Characteristics Use of iron (tablets/syrup) during last pregnancy
< 90 days (n = 4497) ≥ 90 days (n = 1891)
n Proportion n % n %
Women’s age
< 25 years 1522 23.26 1127 25.0 395 19.0
≥ 25 years 4848 76.74 3352 75.0 1496 81.0
Parity
≤ 2 children 2546 40.85 1684 40.0 862 44.0
> 2 Children 3824 59.15 2795 60.0 1029 56.0
Births in last 5 years
≤ 1 birth 3475 53.67 2369 52.0 1106 58.0
> 1 birth 2895 46.33 2110 48.0 785 42.0
Women’s education
No education 3435 48.03 2795 55.0 640 31.0
Primary 854 16.34 590 17.0 264 16.0
Secondary 1219 22.19 741 20.0 478 28.0
Higher 862 13.44 353 8.0 509 25.0
Wealth Index
Poor/Poorest 2756 51.86 2294 48.0 462 26.0
Middle 1202 25.27 856 22.0 334 18.0
Rich/Richest 1222 22.86 1329 30.0 1095 57.0
Worked after marriage
No 5454 82.13 3832 81.0 1622 84.0
Yes 916 17.87 647 19.0 269 16.0
BMI (Kg/m2)a
< 18.5 kg/m2 211 10.46 164 4.0 47 30
18.5–24.9 kg/m2 1020 44.15 740 17.0 280 15.0
≥ 25 kg/m2 1151 45.39 748 15.0 403 21.0
Antenatal care visits
< 5 visits 4057 62.31 3368 73.0 689 38.0
≥ 5 visits 2313 37.69 1111 27.0 1202 62.0
Last Caesarian-section
No 5135 76.19 3844 81.0 1291 65.0
Yes 1235 23.81 635 19.0 600 35.0
Say in husband’s choice
No 1352 19.05 1066 22.0 286 13.0
Yes 5018 80.95 3413 78.0 1605 87.0
Chew tobacco
No 6272 98.85 4400 99.0 1872 99.0
Yes 98 1.15 79 1.0 19 1.0
Husband’s education
No education 1872 28.94 1574 34.0 298 18.0
Primary 907 16.41 677 18.0 230 13.0
Secondary 2148 35.26 1479 35.0 669 36.0
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Predictors of iron consumption for ≥90 days during the
last pregnancy: findings of bivariate analysis
It was found that ≥25 years old women were 30% (PR =
1.30; [95% CI: 1.15–1.47]) more likely to use the iron for
≥90 days when compared to less than 25 years old
women (Table 3). Likewise, women with higher educa-
tion were 2.89 times likely to use the iron for ≥90 days
when compared to the uneducated women (PR = 2.89;
[95% CI:2.48–3.38]). Similarly, rich, or richest women
were 2.39 times likely to use the iron for ≥90 days when
compared to their counterparts (PR = 2.39; [95% CI:
1.98–2.88]). Furthermore, women who had made ≥5
ANC visits, were 2.69 (PR = 2.69; [95% CI: 2.40–3.01])
times likely to use the iron for ≥90 days when compared
with women who made less than 5 ANC visits. Women
who had a say in choosing their husband and who deliv-
ered their last baby by Caesarian-section were 1.58 (PR =
1.58; [95% CI: 1.36–1.85]) and 1.74 (PR = 1.74; [95% CI:
1.56–1.94]) times as likely to use the iron for ≥90 days
respectively when compared to their counterparts
(Table 3). Women who were living in Baluchistan and
FATA were 53% (PR = 0.47; [95% CI: 0.36–0.62]) and
37% (PR = 0.63; [95% CI: 0.42–0.96]) less likely to use
iron for ≥90 days, respectively, when compared to
women living in Punjab as shown in Table 2.
Predictors of iron consumption for ≥90 days during the
last pregnancy: findings of multivariable analysis
The results of the multivariable analysis for Model 1
were adjusted for women’s age, education, wealth index,
her say in husband’s choice, number of ANC visits, and
the last Caesarian-section. Model 2 adjusted results for
all variables in Model 1 in addition to region and hus-
band’s education. The results of Model 1 demonstrated
that associations between women’s age (aPR = 1.98; [95%
CI: 1.74–2.25]), higher level of women’s education
(aPR = 3.16; [95% CI: 2.72–3.68]), women’s say in choos-
ing husband (aPR = 1.96; [95% CI: 1.74–2.21]), ≥ five
ANC visits (aPR = 3.18; [95% CI (2.75–3.66]) and iron
consumption for ≥90 days persisted in the final adjusted
model. Indeed, associations became stronger in the ad-
justed model. However, the association between wealth
index (rich/richest) (aPR = 1.21; [95% CI: 1.03–1.40]),
last Caesarian-section (aPR = 1.45; [95% CI: 1.34–1.57])
and iron consumption for ≥90 days also persisted in the
adjusted model but became weaker relative to the bivari-
ate analysis as shown in Table 2.
The findings from Model 2 demonstrated that associa-
tions between women’s age (aPR = 1.52; 95% CI: 1.42–
1.62)], women’s say in choosing husband (aPR = 1.68;
[95% CI: 1.57–1.80]), ≥ five ANC visits (aPR =2.65; [95%
CI (2.43–2.89]), last Caesarian-section (aPR = 1.29; [95%
CI: 1.23–1.36]) and iron consumption for ≥90 days per-
sisted in the Model 2, but became weaker relative to
Model 1. However, the association between wealth index
(rich/richest) (aPR = 1.25; [95% CI: 1.18–1.32]), women’s
primary (aPR = 1.33; [95% CI: 1.24–1.43) and secondary
education (aPR = 1.34; [95% CI: 1.26–1.43) and iron con-
sumption for ≥90 days became more stronger as opposed
to Model 1 as shown in Table 3. The Model 2 revealed
that women from Sindh (aPR = 1.33; [95% CI: 1.26–
1.40), KPK (aPR = 1.36; [95% CI: 1.27–1.46]), ICT (aPR =
2.09; [95% CI: 1.93–2.25]), and FATA (aPR = 1.29; [95%
CI: 1.08–1.54]) were more likely to consume iron sup-
plement when compared with women from Punjab.
However, women from Baluchistan were 23% (PR = 0.77;
[95% CI: 0.73–0.81]) less likely to consume iron for ≥90
days when compared to women living in Punjab.
Table 1 Socio demographic and reproductive characteristics women of reproductive age who reported using iron tablets or syrup
during pregnancy of their last birth (n = 6370) (Continued)
Characteristics Use of iron (tablets/syrup) during last pregnancy
< 90 days (n = 4497) ≥ 90 days (n = 1891)
n Proportion n % n %
Higher 1443 19.39 749 14.0 694 33.0
Place of residence
Rural 3427 66.81 2632 71.0 795 57.0
Urban 2943 33.19 1847 29.0 1096 43.0
Region
Punjab 1628 51.07 1110 50.0 518 53.0
Sindh 1417 24.06 950 23.0 467 27.0
KPK 1307 16.42 920 17.0 387 15.0
Balochistan 885 5.28 762 6.0 123 3.0
FATA 637 2.42 499 3.0 138 2.0
ICT 496 0.76 238 1.0 258 1.0
aBMI data were only collected from one third of the sample thus data was missing for 3988 women
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Besides, women of highly educated husbands were 1.99
times likely (aPR = 1.99; [95% CI: 1.83–2.17]) to use iron
for ≥90 days when compared to their counterparts as
shown in Table 2.
Predictors of iron consumption for ≥90 days during the
last pregnancy: findings of domain or sub-group analysis
Sub-population analysis by place of residence showed
that in rural areas, older women (≥ 25 years) (aPR = 1.98;
Table 2 Predictors of iron consumption for ≥90 days during pregnancy among women in Pakistan (n = 6370)
Model 1 Model 2
Crude Estimates Adjusted Estimates Adjusted Estimates
Variables PR 95% CI PR 95% CI PR 95% CI
Individual level factors
Women’s age
< 25 years 1 1 1
≥ 25 years 1.30 1.15 1.47 1.98 1.74 2.25 1.52 1.42 1.62
Women’s education
No education 1 1 1
Primary 1.49 1.25 1.78 1.00 0.89 1.14 1.33 1.24 1.43
Secondary 1.97 1.67 2.32 0.88 0.78 1.00 1.34 1.26 1.43
Higher 2.89 2.48 3.38 3.16 2.72 3.68 2.13 1.97 2.30
Say in Husband’s choice
No 1 1 1
Yes 1.58 1.36 1.85 1.96 1.74 2.21 1.68 1.57 1.80
Wealth Index
Poor/Poorest 1 1 1
Middle 1.41 1.15 1.74 0.62 0.50 0.76 0.94 0.87 1.00
Rich/Richest 2.39 1.98 2.88 1.21 1.03 1.40 1.25 1.18 1.32
Antenatal care visits
< 5 visits 1 1
≥ 5 visits 2.69 2.40 3.01 3.18 2.75 3.66 2.65 2.43 2.89
Last Caesarian-section
No 1 1 1
Yes 1.74 1.56 1.94 1.45 1.34 1.57 1.29 1.23 1.36
Other Factors
Regions
Punjab 1 NA 1
Sindh 1.07 0.89 1.29 1.33 1.26 1.40
Balochistan 0.47 0.36 0.62 0.77 0.73 0.81
KPK 0.86 0.70 1.06 1.36 1.27 1.46
ICT 1.70 1.42 2.02 2.09 1.93 2.25
FATA 0.63 0.42 0.96 1.29 1.08 1.54
Husband’s education
No education 1 NA 1
Primary 1.30 1.04 1.63 0.95 0.85 1.06
Secondary 1.65 1.39 1.94 0.95 0.85 1.06
Higher 2.74 2.33 3.23 1.99 1.83 2.17
Model 1: Age, women’s education, wealth index, had say in choosing husband, ANC visits, last Caesarian-sections
Model 2: All variables in Model 1 plus region and husband’s education
PR prevalence ratio, NA not applicable
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[95% CI: 1.74–2.25]), who had say in choosing their hus-
band (aPR = 1.96; [95% CI: 1.74–2.21]), rich/richest
women (aPR = 1.21; [95% CI: 1.03–1.40]), and who deliv-
ered their last baby by Caesarian-section (aPR = 1.45;
[95% CI: 1.34–1.57]) were more likely to use iron when
compared with their counterparts (Table 3). However,
the results for the same predictors were not statistically
significant for women residing in urban areas as shown
in Table 3. On the other hand, women with higher edu-
cation were more likely to use the iron for ≥90 days than
women with no education both in urban (aPR = 2.26;
[95% CI: 1.41–3.64]) and rural areas (aPR = 3.16; [95%
CI: 2.72–3.68]). Likewise, women who made ≥5 ANC
visits were more likely to use the iron for ≥90 days when
compared with women who made less than 5 ANC visits
both in urban (aPR = 2.59; [95% CI: 1.94–3.48]) and rural
areas (aPR = 3.28; [95% CI: 2.51–4.29]), however, the
magnitude of the estimate was relatively higher for
women in rural areas as opposed to urban women as
shown in Table 3.
Discussion
This is one of the first studies that investigated the pre-
dictors of iron consumption during pregnancy among
women of reproductive age in Pakistan. Our study re-
ported that more than a quarter of women reported con-
suming iron for ≥90 days. Factors such as women’s age,
education, wealth index, say in choosing husband, hus-
band’s education, ANC visits, history of the last
caesarian-section, and region of the country were found
to be important predictors of iron consumption for ≥90
days among Pakistani women. The results on the predic-
tors of iron consumption for ≥90 days among Pakistani
women should be interpreted in the economic and
socio-cultural context of Pakistan.
Our study outcome regarding the proportion of
women consuming iron for ≥90 days is not compar-
able with the other studies conducted in LMICs such
as Malawi or Ethiopia, where the prevalence of
women consuming iron for ≥90 days has been re-
ported to be 37 and 3.5% respectively [32, 33]. On
the contrary, iron utilization during pregnancy in
LMICs such as the Philippines and Senegal has been
reported as 70 and 69% respectively, which is rela-
tively higher than other LMICs [34, 35]. Generally, it
seems that the proportion of women consuming iron
is lower in developing countries including Pakistan as
opposed to developed countries. For instance, iron
consumption by pregnant women in the USA and the
Netherlands is 72 and 77%, respectively [36, 37]. It is
crucial to note that a direct comparison of our find-
ings with studies conducted in other countries may
not be possible due to differences in the demograph-
ics of the study participants included in the survey,
the number of days for iron consumption, study set-
tings, health-seeking behavior, and socio-cultural
circumstances.
The findings regarding the association of women’s age
with the consumption of iron are comparable to the other
studies such as Tanzania and Sudan where older women
have been reported to consume the iron for the recom-
mended number of days than younger women [38–41].
Overall, these findings can be explained by the fact that
older women might be more knowledgeable, experienced,
and health-conscious than younger women, thus, tend to
use iron more than younger women. Moreover, it might
be possible that older-aged women in Pakistan might be
more experienced and knowledgeable for pregnancy and
childbirth-related outcomes, thus, might feel the need to
take iron supplements more than younger and less experi-
enced women. However, our findings contradict the study
conducted in Malawi, where younger women were found
to consume iron as recommended when compared with
older women [32]. These differences in the findings may
be due to differences in the health-seeking behavior and
Table 3 Predictors of iron consumption for ≥90 days during
pregnancy among women in Pakistan by place of residence
(n = 6370)
Urban Rural
Adjusted Estimate Adjusted Estimate
Variables PR 95% CI PR 95% CI
Woman’s age
< 25 years 1 1
≥ 25 years 1.22 0.90 1.67 1.98 1.74 2.25
Women’s education
No education 1 1
Primary 0.99 0.65 1.53 1.00 0.89 1.14
Secondary 1.26 0.84 1.87 0.88 0.78 1.00
Higher 2.26 1.41 3.64 3.16 2.72 3.68
Say in Husband’s choice
No 1
Yes 1.20 0.88 1.65 1.96 1.74 2.21
Wealth Index
Poor/Poorest 1 1
Middle 0.87 0.47 1.60 0.62 0.50 0.76
Rich/Richest 1.19 0.66 2.16 1.21 1.03 1.40
Antenatal care visits
< 5 visits 1 1
≥ 5 visits 2.59 1.94 3.48 3.28 2.51 4.29
Last Caesarian-section
No 1
Yes 1.18 0.94 1.50 1.45 1.34 1.57
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experience of women of different ages in the two different
countries.
A positive association was found between women’s
education, increased wealth index, and iron consump-
tion in Pakistani women, and this finding is confirmed
in several studies conducted in few districts of Pakistan,
Malawi, Ethiopia, and India where women with higher
education and more wealth are more likely to consume
iron than less-privileged women [32, 33, 42, 43]. Collect-
ively, these findings can be elucidated by the fact that
educated and wealthy women might be more
knowledgeable and have greater access to information
pertinent to iron deficiency anemia and its associated
preventive and control measures, such as intake of iron
supplementation particularly during pregnancy. Besides,
educated women are usually more concerned about their
upcoming baby’s health when compared with non-
educated women [44]. Likewise, it is more likely that
rich women with more wealth have high purchasing
power and access to resources than poor women. These
findings regarding higher wealth index and utilizing iron
during pregnancy are also confirmed by the previously
conducted demographic surveys in Pakistan, Bangladesh
[27], India [25], and Nepal [26], where rich women with
higher education are reported to consume iron supple-
ments for a prolonged duration.
As expected, we found a positive association between
the number of ANC visits and iron consumption for
≥90 days. In Pakistan, ANC is considered one of the im-
portant routes to deliver iron supplements to pregnant
women and this is also true for many other developing
countries [45–47]. For example, a mixed-method study
conducted in Cambodia found ANC as the only way to
take iron supplements during pregnancy [48]. Our find-
ings regarding positive association between ANC visits
and iron consumption are analogous with findings from
other studies such as Malawi and Vietnam where
women with more ANC visits have been found to con-
sume iron for the recommended number of days during
pregnancy [32, 49]. However, one of the studies con-
ducted in Tanzania found an inverse association be-
tween number of ANC visits and iron consumption.
These contradictory findings may be due to the differ-
ences in the type of services being provided to pregnant
women during ANC. Unlike Pakistan where women are
provided free of cost iron supplements, women in
Tanzania are only counseled for the intake of iron dur-
ing ANC visits [38]. Moreover, women in Tanzania have
to pay co-payment to take iron supplements, which
might prevent women from purchasing iron tablets des-
pite making sufficient ANC visits [38].
Our findings revealed that women who delivered by
caesarian-section were more likely to consume iron for
≥90 days than their counterparts. Women with planned
or elective caesarian-sections might have been counseled
by their health care providers to consume iron regularly
with recommended dosage and duration to avoid un-
necessary blood transfusions at the time of delivery. For
example, according to the National Health Service Blood
transfusion guidelines, women with planned Caesarian-
sections should be screened for anemia and should be
advised to take iron supplements either orally or paren-
terally depending upon the severity of anemia [50, 51].
In addition, our study findings revealed that women who
had a say in choosing their husbands were more likely to
consume the iron for ≥90 days when compared to
those who did not have a say in choosing their hus-
bands. Having one’s say in choosing the husband in
the Pakistani context indirectly alludes to the auton-
omy or empowerment of the women. Thus, it might
be possible that such women might be more empow-
ered, thus consuming iron supplements for the re-
quired number of days when compared with the
women who did not have a say in choosing their hus-
bands. There is a evidence that autonomous women
are more likely to make ANC visits; thus, tend to
consume iron more than non-autonomous women
[52, 53]. Moreover, these women might have freedom
of mobility, and control over financial resources to
access the services they need [54].
Lastly, women from Baluchistan province were less
likely to consume iron for ≥90 days when compared to
women from Punjab province. This finding could be jus-
tified that Baluchistan is a remote and underdeveloped
province of Pakistan with limited access to health care
facilities [55]. Women’s access to health services is very
limited due to the scattered population and the absence
of healthcare infrastructure [56]. A vast majority of
women are uneducated, and their mobility is limited
mainly in tribal areas of Baluchistan [57]. Moreover, only
50% of the women utilize ANC services during their
pregnancy, which is the lowest percentage when com-
pared to the other regions of the country [24]. Given
these factors and based on the findings of our study, the
government of Pakistan must take necessary steps to im-
prove access to maternal health services during preg-
nancy in general with improved access to iron
supplements in particular to reduce the burden of
anemia in the region.
Strengths and limitations
This is one of the first studies in Pakistan that investi-
gated predictors of iron consumption for ≥90 days dur-
ing pregnancy at the national level. Larger samples of
women selected through appropriate sampling technique
provided a representative sample of women, thus find-
ings can be generalized to the whole country and neigh-
boring countries with similar socio-demographic
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characteristics. Moreover, during the actual survey, the
investigators trained the interviewers to ask questions
from respondents in their local languages across differ-
ent regions of the country to collect correct information.
Unlike previous studies, we generated prevalence ratios
to avoid overestimating the effects of true estimates.
However, our study findings need to be interpreted con-
sidering some inherent caveats. First, the survey does
not allow temporal precedence to be unambiguously de-
termined, thus, limiting to conclude causality of the pre-
dictors studied for the consumption of iron for ≥90
days during pregnancy. Second, there could be a pos-
sibility of recall bias as women were asked about the
consumption of iron intake during the pregnancy of
the last birth. This was further augmented by self-
reporting method to measure the outcome of the
study thus might underestimate or overestimate the
consumption of iron during pregnancy. There is evi-
dence that self-reporting usually overestimates the ac-
tual compliance as opposed to counting the pills by
the researcher or measuring the compliance by some
biochemical markers [34, 58].
Conclusions
Our study confirmed that slightly more than a quarter of
women consumed iron for ≥90 days. Women’s age, edu-
cation and spouse education, number of antenatal care
visits, the region of the country, woman’s say in choos-
ing her husband, husbands’ education, and history of the
last caesarian-sections were found to be important pre-
dictors of iron consumption for ≥90 days during the
pregnancy in Pakistan.
Implications and future directions
There could be important policy implications in the fu-
ture. The government should take necessary steps to im-
prove access to iron supplements to all women during
pregnancy. More specifically, the government should tar-
get disadvantageous and vulnerable women who are
younger, less educated, poor with less purchasing power,
living in remote areas of Pakistan, and with limited ac-
cess to health care facilities. We also suggest few pro-
grammatic aspects such as Pakistan’s Lady Health
Workers program can play a vital role to provide supple-
ments to pregnant women at their doorsteps who cannot
make the required number of ANC visits to take their
iron supplements. There is a need to improve access to
women living in remote and far-flung areas who cannot
visit health care facilities easily. In addition, there is a
need to design combined nutrition and educational
strategies to encourage rural women to consume iron-
rich foods in their diet in addition to consuming the rec-
ommended dosage of iron supplements during preg-
nancy. Proactive efforts can be made to educate women
through effective campaigns with the support of Lady




ANC: Antenatal care; AJK: Azad Jammu and Kashmir; CI: Confidence interval;
DALYs: Disability-adjusted life years; GB: Gilgit Baltistan; EBs: Enumeration
blocks; ERC: Ethical review committee; FATA: Federally administrated tribal
areas; ICT: Islamabad capital territory; KPK: Khyber Pakhtunkhwa; LMICs: Low
Middle Income Countries; PDHS: Pakistan Demographic Health Survey;
PR: Prevalence ratio; PSUs: Primary sampling units; WHO: World Health
Organization; WRA: Women of Reproductive Age
Acknowledgments
The authors acknowledge the support of Dr. Jeanette Stingone, Assistant
Professor of Epidemiology at the Columbia University who guided me to
analyze the complex surveys during a course. I would also like to
acknowledge my colleague Sneha Kannoth, who reviewed and edited the
final draft of the manuscript.
Authors’ contributions
The manuscript is conceptualized and prepared by SA and SAA. SA analyzed
the data and prepared the first draft of the manuscript. SAA was involved in
reviewing the relevant literature available on the topic and wrote different
sections of the manuscript. SR, NK, and NS provided rigorous feedback on
data analysis, edited, and reviewed the manuscript. SG and FR helped in the
analysis, reviewed and approved the manuscript for publication. All authors
have reviewed and approved the final version of the manuscript.
Funding
Not applicable.
Availability of data and materials
Data is publicly accessible at the DHS website.
Declarations
Ethics approval and consent to participate
Since the study involved secondary analysis of publicly available data,
therefore, formal ethical clearance was not applicable. We obtained the
publicly accessible data from the website (URL: https://dhsprogram.com/
data/dataset/Pakistan_Standard-DHS_2017.cfm?flag=1) after following the




The authors declare that they have no competing interests.
Author details
1Department of Epidemiology, Columbia University, New York, USA.
2Department of Nursing, University of Alberta, Edmonton, Canada.
3Department of Community Health Sciences Jinnah Medical and Dental
College, Karachi, Pakistan. 4Liaquat University of Medical and Health Sciences,
Jamshoro, Pakistan. 5Department of Medicine, Aga Khan University, Karachi,
Pakistan.
Received: 5 October 2020 Accepted: 22 April 2021
References
1. World Health Organization. The global prevalence of anaemia in 2011.
Geneva: World Health Organization; 2015. In.; 2017
2. Sifakis S, Pharmakides G. Anemia in pregnancy. Ann N Y Acad Sci. 2000;900:
125–36. https://doi.org/10.1111/j.1749-6632.2000.tb06223.x.
3. Stelle I, Kalea AZ, Pereira DIA. Iron deficiency anaemia: experiences and
challenges. Proc Nutr Soc. 2019;78(1):19–26. https://doi.org/10.1017/S002
9665118000460.
Ali et al. BMC Pregnancy and Childbirth          (2021) 21:352 Page 10 of 12
4. World Health Organization. Global health risks: mortality and burden of
disease attributable to selected major risks.; 2009.
5. Beckert RH, Baer RJ, Anderson JG, Jelliffe-Pawlowski LL, Rogers EE. Maternal
anemia and pregnancy outcomes: a population-based study. J Perinatol.
2019;39(7):911–9. https://doi.org/10.1038/s41372-019-0375-0.
6. Hare GM, Freedman J, Mazer CD. Risks of anemia and related management
strategies: can perioperative blood management improve patient safety?
Can J Anesth. 2013;60(2):168–75. https://doi.org/10.1007/s12630-012-9861-y.
7. Kavle JA, Stoltzfus RJ, Witter F, Tielsch JM, Khalfan SS, Caulfield LE.
Association between anaemia during pregnancy and blood loss at and after
delivery among women with vaginal births in Pemba Island, Zanzibar,
Tanzania. J Health Popul Nutr. 2008;26(2):232–40.
8. Tunkyi K, Moodley J. Anemia and pregnancy outcomes: a longitudinal
study. J Matern Fetal Neonatal Med. 2018;31(19):2594–8. https://doi.org/10.1
080/14767058.2017.1349746.
9. Xiong X, Buekens P, Alexander S, Demianczuk N, Wollast E. Anemia during
pregnancy and birth outcome: a meta-analysis. Am J Perinatol. 2000;17(3):
137–46. https://doi.org/10.1055/s-2000-9508.
10. Rahman MM, Abe SK, Rahman MS, Kanda M, Narita S, Bilano V, et al.
Maternal anemia and risk of adverse birth and health outcomes in low- and
middle-income countries: systematic review and meta-analysis. Am J Clin
Nutr. 2016;103(2):495–504. https://doi.org/10.3945/ajcn.115.107896.
11. Daru J, Zamora J, Fernández-Félix BM, Vogel J, Oladapo OT, Morisaki N, et al.
Risk of maternal mortality in women with severe anaemia during pregnancy
and post partum: a multilevel analysis. Lancet Glob Health. 2018;6(5):e548–
54. https://doi.org/10.1016/S2214-109X(18)30078-0.
12. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al.
Maternal and child undernutrition and overweight in low-income and
middle-income countries. Lancet (London). 2013;382(9890):427–51.
13. World Health Organization. Guideline: daily iron supplementation in infants
and children. 2016.
14. World Health Organization. Daily Iron supplementation in adult women and
adolescent girls. 2016.
15. Sendeku FW, Azeze GG, Fenta SL. Adherence to iron-folic acid
supplementation among pregnant women in Ethiopia: a systematic review
and meta-analysis. BMC Pregnancy Childb. 2020;20(1):138. https://doi.org/1
0.1186/s12884-020-2835-0.
16. Nasir BB, Fentie AM, Adisu MK. Adherence to iron and folic acid
supplementation and prevalence of anemia among pregnant women
attending antenatal care clinic at Tikur Anbessa specialized Hospital,
Ethiopia. Plos One. 2020;15(5):e0232625. https://doi.org/10.1371/journal.
pone.0232625.
17. Lander RL, Hambidge KM, Westcott JE, Tejeda G, Diba TS, Mastiholi SC, Khan
US, Garcés A, Figueroa L, Tshefu A, et al. Pregnant women in four low-
diddle income countries have a high prevalence of inadequate dietary
intakes that are improved by dietary diversity. Nutrients. 2019;11(7):1–15.
18. Sreeramareddy CT, Pradhan PM, Mir IA, Sin S. Smoking and smokeless
tobacco use in nine south and southeast Asian countries: prevalence
estimates and social determinants from demographic and health surveys.
Popul Health Metrics. 2014;12(1):22. https://doi.org/10.1186/s12963-014-
0022-0.
19. Mwangi MN, Prentice AM, Verhoef H. Safety and benefits of antenatal oral
iron supplementation in low-income countries: a review. Br J Haematol.
2017;177(6):884–95. https://doi.org/10.1111/bjh.14584.
20. Reveiz L, Gyte GM, Cuervo LG, Casasbuenas A: Treatments for iron-
deficiency anaemia in pregnancy. Cochrane Database Syst Rev 2011(10):
Cd003094.
21. Baig-Ansari N, Badruddin SH, Karmaliani R, Harris H, Jehan I, Pasha O, et al.
Anemia prevalence and risk factors in pregnant women in an urban area of
Pakistan. Food Nutr Bull. 2008;29(2):132–9. https://doi.org/10.1177/156482
650802900207.
22. Habib MA, Raynes-Greenow C, Soofi SB, Ali N, Nausheen S, Ahmed I, et al.
Prevalence and determinants of iron deficiency anemia among non-
pregnant women of reproductive age in Pakistan. Asia Pac J Clin Nutr. 2018;
27(1):195–203. https://doi.org/10.6133/apjcn.042017.14.
23. Ministry of National Services Regulation and Coordination (MoNHSR&C)
GoP: National Nutrition Survey. 2018.
24. Pakistan demographic and health survey 2017–2018. In.: National Institute
of Population Studies Islamabad Pakistan Pakistan; 2019.
25. Sciences IIfP: National Family Health Survey (NFHS-3), 2005–06: India, vol. 1.
Mumbai: International Institute for Population Sciences; 2007.
26. Health NMo, Population, ERA N. Kathmandu Nepal demographic and health
survey, 2006: population division, Ministry of Health and Population; 2007.
27. Research NIoP, Training, Mitra, Associates, International M. Bangladesh
Demographic and Health Survey, 2007. Bangaladesh: NIPORT; 2009.
28. World Health Organization. Iron Deficiency Anaemia Assessment,
Prevention, and Control A guide for programme managers. 2001.
29. Harding KL, Aguayo VM, Namirembe G, Webb P. Determinants of anemia
among women and children in Nepal and Pakistan: An analysis of recent
national survey data. Matern Child Nutr. 2018;14(Suppl 4):e12478.
30. West BTJJots: Statistical and methodological issues in the analysis of
complex sample survey data: practical guidance for trauma researchers. J
Trauma Stress. 2008;21(5):440–7.
31. Archer KJ, Lemeshow S, Hosmer DWJCS, Analysis D: Goodness-of-fit tests for
logistic regression models when data are collected using a complex
sampling design 2007, 51(9):4450–4464, doi: https://doi.org/10.1016/j.csda.2
006.07.006.
32. Titilayo A, Palamuleni ME, Omisakin O. Sociodemographic factors
influencing adherence to antenatal iron supplementation recommendations
among pregnant women in Malawi: analysis of data from the 2010 Malawi
demographic and health survey. Malawi Med J. 2016;28(1):1–5. https://doi.
org/10.4314/mmj.v28i1.1.
33. Gebremedhin S, Samuel A, Mamo G, Moges T, Assefa T. Coverage,
compliance and factors associated with utilization of iron supplementation
during pregnancy in eight rural districts of Ethiopia: a cross-sectional study.
BMC Public Health. 2014;14(1):607. https://doi.org/10.1186/1471-2458-14-
607.
34. Lutsey PL, Dawe D, Villate E, Valencia S, Lopez O. Iron supplementation
compliance among pregnant women in Bicol, Philippines. Public Health
Nutr. 2008;11(1):76–82. https://doi.org/10.1017/S1368980007000237.
35. Seck BC, Jackson RT. Determinants of compliance with iron
supplementation among pregnant women in Senegal. Public Health Nutr.
2008;11(6):596–605. https://doi.org/10.1017/S1368980007000924.
36. Cogswell ME, Kettel-Khan L, Ramakrishnan U. Iron supplement use among
women in the United States: science, policy and practice. J Nutr. 2003;
133(6):1974s–7s.
37. Knudsen VK, Hansen HS, Ovesen L, Mikkelsen TB, Olsen SF. Iron supplement
use among Danish pregnant women. Public Health Nutr. 2007;10(10):1104–
10. https://doi.org/10.1017/S136898000769956X.
38. Ogundipe O, Hoyo C, Østbye T, Oneko O, Manongi R, Lie RT, et al. Factors
associated with prenatal folic acid and iron supplementation among 21,889
pregnant women in northern Tanzania: a cross-sectional hospital-based study.
BMC Public Health. 2012;12(1):481. https://doi.org/10.1186/1471-2458-12-481.
39. Knudsen VK, Orozova-Bekkevold I, Rasmussen LB, Mikkelsen TB, Michaelsen
KF, Olsen SF. Low compliance with recommendations on folic acid use in
relation to pregnancy: is there a need for fortification? Public Health Nutr.
2004;7(7):843–50. https://doi.org/10.1079/PHN2004630.
40. Abdullahi H, Gasim GI, Saeed A, Imam AM, Adam I. Antenatal iron and folic
acid supplementation use by pregnant women in Khartoum, Sudan. BMC
Res Notes. 2014;7(1):498. https://doi.org/10.1186/1756-0500-7-498.
41. Arkkola T, Uusitalo U, Pietikäinen M, Metsälä J, Kronberg-Kippilä C, Erkkola M,
et al. Dietary intake and use of dietary supplements in relation to
demographic variables among pregnant Finnish women. Br J Nutr. 2006;
96(5):913–20. https://doi.org/10.1017/BJN20061929.
42. Taye B, Abeje G, Mekonen A. Factors associated with compliance of
prenatal iron folate supplementation among women in Mecha district,
Western Amhara: a cross-sectional study. Pan Afr Med J. 2015;20:43.
43. Nisar YB, Dibley MJ, Mir AM. Factors associated with non-use of antenatal
iron and folic acid supplements among Pakistani women: a cross sectional
household survey. BMC Pregnancy Childb. 2014;14(1):305. https://doi.org/1
0.1186/1471-2393-14-305.
44. AbouZahr C, Wardlaw T. Antenatal care in developing countries: promises,
achievements and missed opportunities-an analysis of trends, levels and
differentials, 1990-2001. World Health Organization; 2003. p. 32.
45. Kumar G, Choudhary TS, Srivastava A, Upadhyay RP, Taneja S, Bahl R, et al.
Utilisation, equity and determinants of full antenatal care in India: analysis
from the National Family Health Survey 4. BMC Pregnancy Childb. 2019;
19(1):1–9.
46. Paudyal N, Parajuli KR, Garcia Larsen V, Adhikari RK, Devkota MD, Rijal S,
Chitekwe S, Torlesse HJ: A review of the maternal iron and folic acid
supplementation programme in Nepal: Achievements and challenges.
Matern Child Nutr 2021:e13173. https://doi.org/10.1111/mcn.13173.
Ali et al. BMC Pregnancy and Childbirth          (2021) 21:352 Page 11 of 12
47. Kurzawa Z, Cotton CS, Mazurkewich N, Verney A, Busch-Hallen J, Kashi B:
Training healthcare workers increases IFA use and adherence: Evidence and
cost-effectiveness analysis from Bangladesh. Matern Child Nutr. 2020:
e13124. https://doi.org/10.1111/mcn.13124.
48. Lacerte P, Pradipasen M, Temcharoen P, Imamee N, Vorapongsathorn T.
Determinants of adherence to iron/folate supplementation during
pregnancy in two provinces in Cambodia. Asia Pac J Public Health. 2011;
23(3):315–23. https://doi.org/10.1177/1010539511403133.
49. Aikawa R, Jimba M, Nguen KC, Zhao Y, Binns CW, Lee MK. Why do adult
women in Vietnam take iron tablets? BMC Public Health. 2006;6(1):144.
https://doi.org/10.1186/1471-2458-6-144.
50. Sun D, McLeod A, Gandhi S, Malinowski AK, Shehata N. Anemia in
pregnancy: a pragmatic approach. Obstet Gynecol Surv. 2017;72(12):730–7.
https://doi.org/10.1097/OGX.0000000000000510.
51. Wilson RD, Caughey AB, Wood SL, Macones GA, Wrench IJ, Huang J, et al.
Guidelines for Antenatal and Preoperative care in Cesarean Delivery:
Enhanced Recovery After Surgery Society Recommendations (Part 1). Am J
Obstet Gynecol. 2018;219(6):523.e521–15.
52. Deo KK, Paudel YR, Khatri RB, Bhaskar RK, Paudel R, Mehata S, et al. Barriers
to utilization of antenatal Care Services in Eastern Nepal. Front Public
Health. 2015;3:197.
53. Acharya DR, Bell JS, Simkhada P, van Teijlingen ER, Regmi PR. Women's
autonomy in household decision-making: a demographic study in Nepal.
Reprod Health. 2010;7(1):15. https://doi.org/10.1186/1742-4755-7-15.
54. Chol C, Negin J, Agho KE, Cumming RG. Women's autonomy and utilisation
of maternal healthcare services in 31 sub-Saharan African countries: results
from the demographic and health surveys, 2010-2016. BMJ Open. 2019;9(3):
e023128. https://doi.org/10.1136/bmjopen-2018-023128.
55. Ghaffar A, Pongponich S, Ghaffar N, Mehmood T. Factors associated with
utilization of antenatal care services in Balochistan province of Pakistan: an
analysis of the multiple Indicator cluster survey (MICS) 2010. Pak J Med Sci.
2015;31(6):1447–52. https://doi.org/10.12669/pjms.316.8181.
56. Midhet F, Becker S. Impact of community-based interventions on maternal
and neonatal health indicators: results from a community randomized trial
in rural Balochistan, Pakistan. Reprod Health. 2010;7(1):30. https://doi.org/1
0.1186/1742-4755-7-30.
57. Ghaffar A, Pongpanich S, Chapman RS, Panza A, Mureed S, Ghaffar N.
Provision and utilization of routine antenatal care in rural Balochistan
Province, Pakistan: a survey of knowledge, attitudes, and practices of
pregnant women. SJAMS. 2012;1(1):93–24.
58. Schultink W, van der Ree M, Matulessi P, Gross R. Low compliance with an
iron-supplementation program: a study among pregnant women in Jakarta,
Indonesia. Am J Clin Nutr. 1993;57(2):135–9. https://doi.org/10.1093/ajcn/
57.2.135.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Ali et al. BMC Pregnancy and Childbirth          (2021) 21:352 Page 12 of 12
